Phosphor coated diodes are critical to the lighting industry. Rare-earth doped fluoride phosphors are characterized in this work. 
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DOI: 10.4236/opj.2018. 88024 289 Optics and Photonics Journal the current research areas is the design of all solid-state white-light emitters which are energy efficient, robust and free from pollution [1] . There is an ongoing global effort to design efficient solid-state white-light sources. For this purpose, both organic and inorganic materials are being investigated which emit white-light under electrical pumping [2] [3] [4] . In the category of inorganic materials, semiconductor diodes, quantum dots and diode pumped phosphor materials are under consideration. One class of materials that emit white light is diode pumped phosphors which are embedded with inorganic ions [5] - [11] .
Light emitting diodes (LED) consume less energy, do not pollute the environment and last much longer than their counterparts. Some of the rare-earth ions possess numerous energy levels and emit in the visible and infrared wavelength regions. Depending on the energy level structure, a rare-earth ion may absorb certain discrete lasers wavelengths. Because of these characteristic spectral fea- Crystal growth of CaF 2 is a mature technology and large windows are grown for infrared applications. In the current study the suitability of these materials for solid-state lighting applications is discussed. In a solid, excited rare-earth ions relax radiatively and non-radiatively [25] . The former depends on the transition probabilities which are calculated using Judd-Ofelt intensity parameters which, in turn, are derived from the absorption spectrum. The radiative probabilities are independent of temperature. The non-radiative relaxation is temperature dependent and its value depends on the energy gap between the levels and the cut-off phonon frequency [26] . The cut-off phonon frequency depends on the reduced mass of the molecule and force constants. The phonon structure is revealed by Raman and infrared spectral measurements. The cut-off phonon frequency of LaF 3 and CaF 2 crystals are 360 and 380 cm −1 respectively.
Experimental Details
The crystals used for this investigation were obtained from Optovac, Inc. The crystals are of the size 8x6x4 mm 3 and were polished for optical studies. Optical absorption spectroscopy measurements were performed by a Cary 3E spectro- 
LaF3: Eu 3+ (0.3%)
A partial energy level diagram of Eu 3+ is shown in Figure 5 . 
Tb 3+ -Doped CaF2 and LaF3
The absorption spectrum of CaF 2 : Tb 3+ (0.1%) is shown in Figure 8 . It revealed peaks at 257 ( within a millimeter length of the sample. However, the emission spectrum revealed numerous peaks ( Figure 11 ). An analysis of the energy levels [12] - [17] indicates that the 375 nm laser light resonantly excites one of the crystal fields 
Conclusions
Our studies indicate that the color coordinates of Dy 3+ -doped CaF 2 , Eu 3+ -doped LaF 3 and Tb 3+ -doped LaF 3 are close to that of sunlight and hence these materials are ideal for the development of diode pumped solid state white light emitters.
Only low concentrations of the dopant ions are needed as higher concentrations of the dopant will lead to concentration quenching. Though we demonstrated this effect in fluoride single crystals, other low phonon glasses will also work for this purpose. Our investigations indicate that rare-earth ion doped phosphors have potential applications for solid state lighting. Oxyfluoride glasses retain the crystalline emission properties and maintain bulk properties of oxide glasses [29] . Hence, oxide glasses embedded with rare-earth fluoride nanocrystals may exhibit white-light emission.
